Recent advances in understanding visual working memory, the limited information held in mind for use in ongoing processing, are extended here to examine auditory working memory development. Research with arrays of visual objects has shown how to distinguish the capacity, in terms of the number of objects retained, from the precision of the object representations. We adapt the technique to sequences of nonmusical tones, in an investigation including children (6 -13 years, N ϭ 84) and adults (26 -50 years, N ϭ 31). For each series of 1 to 4 tones, the participant responded by using an 80-choice scale to try to reproduce the tone at a queried serial position. Despite the much longer-lasting usefulness of sensory memory for tones compared with visual objects, the observed tone capacity was similar to previous findings for visual capacity. The results also constrain theories of childhood working memory development, indicating increases with age in both the capacity and the precision of the tone representations, similar to the visual studies, rather than age differences in time-based memory decay. The findings, including patterns of correlations between capacity, precision, and some auxiliary tasks and questionnaires, establish capacity and precision as dissociable processes and place important constraints on various hypotheses of working memory development.
Working memory is crucial for a variety of cognitive tasks in which information has to be saved during the task, such as reading, writing, and carrying on conversations (e.g., Baddeley & Hitch, 1974; Cowan, 2014) . It is clear that as children mature, their working memory improves (e.g., Gathercole, Pickering, Ambridge, & Wearing, 2004) , and this improvement may partly underlie their increasing cognitive aptitude (Cowan et al., 2005; Halford, Cowan, & Andrews, 2007 ). Yet, the basis of the childhood improvement in working memory is still unknown (Cowan, 2016) . Here we examine the childhood development of nonverbal auditory working memory in a manner that allows separate indices of two key components: capacity and precision of the representation. Capacity is the number of representations held in working memory, whereas precision is the quality of the representations. These qualities have been investigated in the visual modality using a delayed-estimation task in which participants reproduce the exact color of an object (shade within a color category) or its exact orientation (in adults: Zhang & Luck, 2008; developmentally: Sarigiannidis, Crickmore, & Astle, 2016) . In the present work, this technique is adapted to examine reproduction from memory of the frequency of tones in a sequence, and its childhood development, based on selection from a continuum of 80 possible response tones. Response distributions were analyzed with a theoretical model to yield estimates of (a) the capacity, that is, the number of tones from a sequence for which the participant was able to have a representation in working memory; and, when performance was based on such a memory, (b) the precision, that is, how close to the queried target tone the reproduction was.
Similarity and differences across modalities and codes are important for understanding the generality versus specificity of the principles underlying working memory development. From different perspectives, one can consider quite different hypotheses that could be formulated regarding developmental changes in our tone memory task. The procedure we used, illustrated in Figure 1 , is designed to investigate auditory memory in a manner analogous to what has been used previously for visual stimuli. On each trial, a series of one to four tones is presented, drawn without replacement from a continuum of 80 tones that do not correspond to musical notes on a scale. A visual display following the tones on each trial indicates one serial position for which the presented tone is to be reproduced using a graduated scale, with up to five attempts allowed to hear the result and get closer to the presented note. This procedure is basically akin to Sperling's (1960) well-known partset cueing task, but with tone sequences instead of visual arrays. The results are analyzed with a mathematical model based on the assumption that responses sometimes are based on a representation of the probed stimulus that is to a certain degree imprecise, sometimes based on the wrong stimulus from the list, and sometimes based on a guess in the absence of any working memory of the stimulus. As detailed in the Method section, this kind of model produces estimates of the proportion of trials in which each of these bases of responding was used. It should be emphasized that observed developmental differences do not come from perception; the age differences in the ability to discriminate the pitches of two adjacent tones separated by only a short gap (Keller & Cowan, 1994) are much smaller than the developmental differences observed here for tones in a sequence.
Hypotheses About Tone Sequence Memory
The key theoretical question of greatest interest here is whether the pattern of results we will find in this study of memory for tone sequences will match those obtained by other investigators for visual objects, the kind of material used in most other studies of capacity and precision. We also go beyond previous studies by asking questions about development that have not been asked for visual objects or for any modality with a similar technique, regarding the role of time in forgetting and the correlation of capacity and precision with other cognitive measures. Sarigiannidis, Crickmore, and Astle (2016) carried out a study of the childhood development of delayed estimation with pairs of line orientations presented on each trial. They found significant effects of age on the number of representations that could be held concurrently in working memory, and also on the precision of these representations. It would be quite possible, theoretically, for the results to look similar for tones, if the principles of working memory and its development are general across modalities and codes. An expectation that capacity in terms of the number of items retained should increase across child development, regardless of the stimulus modality, seems to follow from some views, such as the neoPiagetian view in which processing capabilities govern cognitive development (PascualLeone, 1970; Pascual-Leone & Johnson, 2011) . Likewise, an expectation of improved precision follows from other views, such as the dynamic systems view in which the quality of neural representations governs cognitive development (e.g., Simmering, 2016; Simmering & Patterson, 2012) .
Capacity and Precision Changes for Tone Sequences
A variety of infant procedures has produced the notion that infants, like children and adults, may retain about three items at once (Oakes & Luck, 2013; Zosh & Feigenson, 2012) . From that perspective, any developmental change of capacity in childhood in either modality might be viewed as surprising but, in the Discussion section, we will argue that the infant evidence is actually quite consistent with what is seen in later development.
Changes in Memory Persistence for Tone Sequences?
Aside from possible changes in capacity and precision, there are aspects of auditory processing that could lead to a different kind of expectation specific to audition. Whereas Sperling (1960) found that sensory memory for an array of visual objects vanished after a fraction of a second, leaving behind only a few objects in working memory, Treisman and Rostron (1972) found that for spatiotemporal arrays of tones, sensory memory persisted much longer (up to 4 s). Working memory mechanisms, too, could differ by modality. For auditory information that is not easy to categorize, such as our nonmusical tones, it is possible that there is not a limit in the number of items that can be maintained, per se, but Figure 1 . Illustration of the tone memory procedure. The next-to-last panel shows the encircled item that is to be reproduced by the participant; it can be at any serial position. The last panel shows the response display on a trial, with a slider to determine which of 80 tones on a continuum was heard in the targeted serial position. This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
rather a limit in the duration of maintenance for a given item, inasmuch as a study of memory for a single tone over time showed precision that was lost over time most rapidly in the youngest age group (6-to 7-years-old) and persisted for more seconds in older children and adults (Keller & Cowan, 1994) . Given that it is necessary to keep in mind a temporal stream of sounds, the limit could be in how far back in the stream one's memory lasts. If so, participants should show the least effect of age for items at the most recent serial position, with increasing loss for earlier serial positions and a more severe loss function of that sort in young children than in older children or adults.
Different Correlates for Capacity Versus Precision? The Role of Auxiliary Tasks
If two or more processes are found to increase with age, such as capacity along with precision, then it is possible that those processes both emerge from a common process, such as a neural improvement that allows an observation of both capacity and precision changes (e.g., Simmering, 2016; Simmering & Miller, 2016) . One way to differentiate two aspects of development is to observe different clusters of correlates. It has been suggested that intelligence and related cognitive aptitudes depend on the ability to deploy attention to maintain the data needed to solve a particular problem, leading to a correlation with core measures of working memory capacity (Cowan et al., 2005) . In contrast, precision may depend on extended experience with materials that resemble the memoranda; for example, musical experience enhances pitch discrimination in adults (Zarate, Ritson, & Poeppel, 2012) . In order to examine these possibly different correlates of capacity versus precision, we included a commonly used nonverbal intelligence test (Ravens Progressive Matrices), a standard working memory span test (counting span) and, as a measure of knowledge related to tone sequences, reported musical training. Raven Progressive Matrices involves discerning patterns and logical progressions and has long been used as a leading measure representative of fluid intelligence, and working memory tasks correlate well with it (e.g., Cowan et al., 2005; Kane et al., 2004) . Fukuda, Vogel, Mayr, and Awh (2010) found no relation between precision and intelligence in adults, only a relation between capacity and intelligence; but precision could be more critical in a developmental sample. Counting span requires counting the items within successive screens while holding in mind the series of sums, and was developed (Case, Kurland, & Goldberg, 1982) explicitly to measure the number of representations held in working memory during concurrent processing. Last, musical training obviously requires attention to fine gradations of sounds, and in particular pitches. If humans can tune their listening skills through training, they may respond to sounds in working memory with better precision. Alternatively, the effect of training could be to allow a listener to think of tones as falling along a linear continuum like our response continuum, a nonauditory type of training that still would be expected to improve the precision of tone recall. There have indeed been reports of increased working memory performance in the auditory modality with such training (Benassi-Werke, Queiroz, Araújo, Bueno, & Oliveira, 2012; Franklin et al., 2008; Tierney, Bergeson-Dana, & Pisoni, 2008; Williamson, Baddeley, & Hitch, 2010) , though not every study has found this (e.g., Billhartz, Bruhn, & Olson, 1999; Helmbold, Rammsayer, & Altenmuller, 2005) . Modality-specific memory improvement has been confirmed in studies of the long-term effects of children's musical training (Chan, Ho, & Cheung, 1998; Ho, Cheung, & Chan, 2003) . Thus, it will be helpful to check the degree of similarity between the correlational patterns of capacity and precision parameter estimates.
Method Participants
The research was approved by the University of Missouri Human Subjects IRB as Project 99 -04-095, Mechanisms of Working Memory Capacity Limits and Their Development (JH-0012008 -1), and conducted according to APA ethical standards. We used an online forum advertising campus opportunity and a pool of participants that had participated in previous studies for the laboratory. Participants were compensated $15/hr and children also received a book. Participants belonged to four groups: Group 1, composed of 30 first and second graders (15 female, mean age ϭ 7.47 years, SD ϭ 0.68); Group 2, composed of 31 third and fourth graders (15 female, mean age ϭ 9.07 years, SD ϭ 0.75); Group 3, composed of 30 individuals in Grades 5, 6, and 7 (19 female, mean age ϭ 11.3 years, SD ϭ 0.95); and Group 4, composed of 32 adults (25 female, mean age ϭ 39.74 years, SD ϭ 6.12; primarily the parents of the children who were participating in the study). Five Group 1 participants-two male and three female-were dropped from the final analyses due to computer error. Two male Group 2 participants were dropped due to a failure to complete all required tasks; an additional two female participants were dropped from Group 4 due to experimenter error. A total of 114 participants were included in the final analyses-25 from Group 1, 29 from Group 2, 30 from Group 3, and 30 from Group 4. We examined gender as a factor but found that it was not important; individuals performed equally well on all tasks regardless of gender, and gender did not have an important impact on our parameter estimates.
Procedure
Music questionnaire. Before participating in this study, participants were asked about any previous musical training that they may have had, with several follow-up questions about details of the musical training (years of training in school, musical training out of school, what instruments, singing or not, and how long with each instrument or with singing). We examined various options for coding the data and used the one that proved to be most predictive of other measures. In it, we coded the amount of time with musical training for the best-practiced instrument (or voice), up to a ceiling of 7ϩ years, which was awarded a score of 7 to even the playing field between age groups. We felt that there were not enough scores with particular types of instrument or with singing to differentiate between them in the analysis, and we found no measure that could account for additional variance above our primary measure. For example, a measure adding up time with different instruments or voice did not contribute more.
Fluid intelligence measure. To determine whether intelligence, and not just age, affected performance, participants were asked to complete a noncomputerized version of Raven's Progressive Matrices task, which is a common test of nonverbal reasoning. This document is copyrighted by the American Psychological Association or one of its allied publishers.
The test contains five sets of 12-item "puzzles" that progressively increase in difficulty as the participant proceeds through them. Upon completion of the Raven task, participants then were asked to move into a sound-attenuated booth for the duration of the study. Tone memory task. The remainder of the study was presented to the participants using the E-prime program (Schneider, Eschman, & Zuccolotto, 2012) with auditory stimuli generated using the Praat program (Boersma, & Weenink, 2013) . Eighty sine-wave tones were generated, beginning with a low tone frequency of 150 Hz and with each successive tone 1.045 times the frequency of the previous tone. This amount of increase was intended to approximate the typical perceptual just-noticeable difference. The tones were adjusted to have an intensity of 71ϩ/Ϫ5 dB(A) measured with a Radio Shack digital sound level meter inserted in a flat coupler pressed against and centered on an earphone cup, using the A weighting. Each tone lasted 600 ms, including 25-ms onset and offset ramps, with 400 ms of silence between tones in a series. Participants heard all stimuli using Audio-Technica ATH-M50 headphones. Figure 1 illustrates the presentation of the tonal stimuli. Participants were shown one, two, three, or four blank slots for 1,000 ms; the number of slots shown corresponded with the number of tones played in the sequence to be remembered. The image of a musical eighth note filled in each blank slot as the tone was played. After the final tone played, there was a 1,000-ms retention interval, after which a blue circle surrounded the music note representing the probe tone for 1,000 ms, indicating the serial position for the reproduction of the corresponding tone from the sequence. The tones for each serial position in a sequence were randomly selected from the 80 possible tones with replacement on that trial so that no one memory would logically constrain another (comparable with the seminal method of Luck & Vogel, 1997) . Repetitions within a trial occurred in only 3% of trials (340 of 11,472 trials), with 99% of those (335/340) including only one repetition. On all trials with multiple tones, at least two of them differed.
Participants then performed a pitch-matching technique by dragging the slider (pictured in Figure 1 ) to recreate the probed tone. There were 80 tone choices on the slider (identical to tones used as to-beremembered stimuli). Participants had five attempts or could press enter if satisfied that the tone that they produced matched the one that they were attempting to remember. Participants heard each attempt over the headphones as soon as they made that selection. The experiment was randomized with 10 practice trials (one of each possible trial condition: each serial position for each of Sequence Lengths 1-4) and 48 experimental trials per block so that each sequence length was presented 12 times, with an equal number of tests at each serial position. There were two test blocks per participant for a total of 96 trials per person. In order to keep children fresh for the entire tone task, we felt that some variety might be helpful so the second block of tone trials occurred after the participants completed the counting span task, described below.
Counting span task. If working memory is to a substantial extent a general capability rather than comprising separate modules for different modalities or codes (e.g., Cowan et al., 2005) then there should be a correlation between capacity in the tone memory task and more traditional, visual measures of capacity such as counting span. In the standard measure of counting span that we used (modified from Case et al., 1982 and used previously by Cowan et al., 2003) participants were to count aloud the number of dark blue circles presented on a screen (two to nine for each screen) filled with an array of dark and light blue circles and squares. After counting several screens in a trial, the participant was to repeat from memory the total number of counted circles from each screen. Trials began with two screens to count and after four trials, increased by one screen; the number of screens (array sequence length) continued to increase after sets of four trials until the memory response was incorrect on three of four trials for a sequence length. The score was the sum of proportions correct across array sequence lengths.
Mathematical Model
Model description. The online supplemental material (Part A) provides a detailed theoretical and mathematical description of the model upon which we settled (for reasons explained below), which is designed to distinguish different sources of responding. In Figure 2A , Node S (probe stimulus input), represents whether or not a participant is paying attention on the trial, depicted by the parameter a. If not (probability 1-a), he or she can only guess at the correct response (Node G). The a parameter turned out not to vary among individuals in the best-fitting model. If the participant attends, memory is used with a probability of K/N (up to a maximum of 1), where K is the number of items in working memory and N is the number of tones in the sequence. Sometimes, however, the wrong, nontarget item is reported from memory, which occurs with the probability P(NT), which was estimated to have the value of .02 for all participants in our final, best-fitting model. With probability 1-P(NT), the correct tone is reported from memory (Node M), albeit with a certain degree of imprecision. If the participant was paying attention, did not choose a nontarget item, and failed to encode the target stimulus in memory, the participant can only guess, indicated by a line back to the guessing Node G.
On the right-hand side of Figure 2A there are scatterplots of response value as a function of stimulus value on individual trials, showing the possible response subdistributions: two based on knowledge (solid triangles reflecting responses to nontargets, and solid disks approximating a straight-line identity between the stimulus and responses tones) and one based on guessing in the absence of knowledge according to the Cauchy distribution (open squares centered at the middle of the response choices but to some degree spreading outward to all possible values). A fourth distribution, uniform guessing (open diamonds) was excluded from the final model.
In practice, we expect that the distributions would be mixed in the data for any participant, as in the left-hand panel of Figure 2B . The right-hand panel of Figure 2B shows the distributions of responses for part of the scatterplot in the left-hand panel, the part to the left of the vertical dashed line. One can see that the distributions of trials with responses based on nontarget responding, target knowledge, and guessing sum together to reflect the total distribution of responses (solid curve). Using the model, such a pattern of responses is disentangled to reveal the proportion of trials with responses based on target knowledge, inappropriately selected nontarget knowledge, and guessing.
Finding the best model. We tested a large number of models, not all of which we will describe fully. For example, we found early on that the Cauchy distribution fit the distribution of reThis document is copyrighted by the American Psychological Association or one of its allied publishers.
sponses better than the normal distribution because it has wider tails. All models were fit using all participants of all ages in the study. Table 1 shows the final three waves of model-testing, with models listed according to AIC (with lower values indicating better fit when taking into account the number of free parameters used). Model 1 is the full model with all of the paths of Figure 2A free. In the next few models we systematically eliminated paths of the full model one at a time. In Model 2 we set the attention parameter to 1, which improved the fit; setting the probability of using Cauchy-based central guessing to 0 made the fit worse (Model 3), but setting it to 1, eliminating uniform guessing, made the fit better (Model 4). Setting the probability of nontarget guessing to 0 improved the fit, suggesting that this process was at least not important in distinguishing among individuals (Model 5). In Models 6 through 12, all combinations of these fixed settings were tried, and in the best of them (Model 12), attention occurred on every trial, guessing was always central with a Cauchy distribution, and the probability of nontarget responding was zero. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
In the next wave of modeling, we considered that there might be important processes that enter into performance in a way that does not importantly differ among individuals, with a single parameter value shared among them that is above 0 and below 1. These notions were tested for nontarget responding (Model sh1), inattention (Model sh2), the guessing strategy (Model sh3), the spread of guessing (Model sh4), capacity (Model sh5), and the spread of responding or imprecision for each sequence length separately (Model sh6). It was found that Models sh1 and sh2 outperformed Model 12, whereas Models sh3-sh6 did not. Therefore, in our final model, we let the program find the best shared values for both attention and nontarget responding, while allowing individuals to have unique capacity and precision parameters, and this model (denoted Final, at the top of the models listed in Table 1 ) outperformed all others.
Validation of our type of model comes from several sources. Rouder et al. (2008) showed, with adults' memory for visual arrays of colored spots in a change-detection task, that the plot of hits versus false alarms is linear as a function of set size and criterion setting, closely in keeping with our constant-working-memory-capacity approach but at odds with the traditional signal detection approach. Other work with visual arrays of objects varying in their colors or orientations (Nosofsky & Donkin, 2016; Rouder, Thiele, & Cowan, 2014) show that the distribution of responses could not be explained without a guessing process, which is included in our model but not in models based on the premise that working memory includes usable information about all array items (e.g., Bays & Husain, 2008) . Adam, Vogel, and Awh (2017) validated our type of model for a production task with visual stimuli by requiring production of all items in each array, showing that adult participants had useful knowledge of only about three items and were confident of their answers for only those items. Nevertheless, the results of applying a mathematical model must be stated cautiously inasmuch as there is no way to rule out the possibility that a different investigator with a different theoretical orientation could find an alternative means of accounting for the evidence. It is possible, for example, that a researcher such as Simmering (2016; Simmering & Miller, 2016) , who applies a dynamic systems approach, could find a way to account for the data without the concept of a capacity limit, though, in keeping with the concept of capacity, similarity in the estimates of capacity occurs across many kinds of tasks in which mnemonic strategies are difficult to carry out (Cowan, 2001 ; for tones, see Li, Cowan, & Saults, 2013; Morey, Cowan, Morey, & Rouder, 2011) .
Results
The results of the tone memory procedure will be examined in several ways. First, we present the results in an atheoretical form, as the mean absolute deviation of the response from the stimulus value, averaged across stimuli for each sequence length. Next we present results of the model in terms of parameter values that can change across age groups. Finally, we present the results of correlations (and regressions) between the tone memory task parameters and other measures: Raven's Progressive Matrices, counting span, and musical training.
Tone Task
Absolute deviation scores. Table 2 shows the mean and standard deviation of the absolute discrepancy between the stimulus tone number and the response tone number for each sequence length and age group, averaged across stimulus number. For example, if the stimulus was 43, the score of 2 would be assigned to responses of either 41 or 45. Performance improved with age group (indicated by decreases in mean discrepancy across age groups) and it declined with sequence length (indicated by increases in discrepancy at higher sequence lengths). Note, though, that the source of the age differences in capacity versus precision cannot be determined without the model-based results below. Note. Parameters a ϭ probability of attention to the arrays; p(cg)ϭprobability of central guessing as opposed to random guessing; K ϭ number of items in working memory; (T i )ϭspread or imprecision of responses for lists of i tones; i ϭ 1-4, and p(nontarget) ϭ probability that a knowledge-based response will be based on the incorrect list item. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Full data set. The raw data from the scatterplot matrix is shown in Figure 3A , with panels indicating the accuracy of each age group (rows) for trials at each sequence length (columns). Each point is a single trial's result. In each of the 16 data panels, the X axis reflects the stimulus tone number and the Y axis reflects the response tone number. The diagonal line one could draw in each square panel of the matrix thus would represent the most accurate responses possible. The blurriness as the responses deviate from this diagonal represents imprecise responses (along the vertical) or guesses (anywhere in the space) as participants' accuracy decreases. As expected, there was a systematic degradation in responding as sequence lengths increased (SL1-SL4) and an improvement in responding for any one sequence length as age group increased (G1-G4). Suitability of the model. Figure 3B (the right-hand panel of the figure) shows the model predictions. This figure was created by sampling the data from each participants' target and guessing distributions, as given by their parameter estimates, so that the number of data points would match those in the data ( Figure 3A) . Individual data points in Figure 3B are not identical to the data points in the actual data, given that the model predictions include random noise from the sampling procedure, but the overall patterns are strikingly similar. This similarity illustrates the appropriate fit of the model, which therefore can be used to estimate processing parameters. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Parameter estimates by age group. Table 3 shows the means and standard deviations of each age group for each parameter. Across age groups there was a clear increase in working memory capacity in terms of the number of tones in working memory, K ( Figure 4A ). There was also a clear increase in precision (i.e., a decrease in variability of the memory representation) for data collapsed across the tones in the sequence, T ( Figure 4B ).
Inferential statistics in this article are carried out using the statistical package JASP (JASP Team, 2016) for Bayesian ANOVA (Rouder, Morey, Speckman, & Province, 2012) and Bayesian correlation and regression . In this framework it is considered invalid to base decisions simply on a p value, or probability of the data given the null hypothesis. Instead, the Bayesian methods produce a Bayes Factor (BF), which is a ratio of the probability of a reasonable set of considered hypotheses to the probability of the null hypothesis, given the data. A ratio larger than 3 is generally considered at least moderate evidence favoring the set of alternatives, and a ratio smaller than 1/3 is generally considered at least moderate evidence favoring the null. These ratios depend somewhat (though not hugely) on the values of parameter settings, and we used the defaults of JASP 0.8.1.1. (Default values for JASP included a Cauchy prior for the set of considered hypotheses, and the following parameter values. ANOVA: r scale .05 for fixed effects, 1.0 for random effects, and 0.354 for covariates; 10,000 samples. Correlation: Beta ‫ء‬ prior width 1.0. Regression: r scale for covariates 0.354.) One advantage of the Bayesian approach is that there is no harm in carrying out multiple tests in the same study because each test could favor the null as well as favoring the alternatives and is not inevitably pushed toward the non-null as N increases. Another advantage is the ability to provide positive support favoring the null hypothesis. For the sake of comparison, the online supplemental material (Part B) also provides statistics for the same analyses using the logic of null hypothesis statistical testing leading to p values. These results, as reported below, are consistent with the Bayesian inferential statistics.
An ANOVA with age group as a between-participants factor confirmed an increase in working memory capacity over age groups as shown in Figure 4A, F(3, 110) ϭ 9.77, BF ϭ 2,154. Another ANOVA with age group between participants and with sequence length (number of tones) as a within-participant factor confirmed that the amount of imprecision in judgments based on working memory decreased across age groups as shown in Figure  4B , F(3, 110) ϭ 15.08, BF ϭ 460,936. The latter analysis also produced an effect of sequence length, F(3, 330) ϭ 28.03, BF ϭ 3.86 ϫ 10 12 . There was, however, no clear interaction between age group and sequence length, F(9, 330) ϭ 1.98, BF ϭ 1.70. As shown in Figure 5 , all age groups showed increases in imprecision across sequence lengths.
The parameter for the width of the Cauchy distribution for guessing did change with age, with a variability parameter of 92, 44, 23, and 29 at age groups 1-4, respectively (95% CI Ϯ 24, 23, 22, and 22 in the four age groups), F(3, 110) ϭ 6.28, BF ϭ 47.81. This indicates that younger participants tended to guess more randomly (with a broader, less humped distribution), whereas older participants tended to guess This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
more in the center of the range when they did not know the answer, a better strategy in terms of avoiding very large errors. By including this parameter in the model, differences in guessing policy were separated out so that they would not contaminate the capacity and imprecision estimates. Use of the response mode. One could imagine that the five adjustments allowed on each trial before the participant decided on a final response could be harmful, rather than helpful, especially to younger participants. Specifically, hearing each candidate response, could, in principle, overwrite the memory of the target stimulus, in which case successive mouse clicks (selections) would become less, rather than more, accurate. Figure 6 shows that this was not the case. For each age group, the mean discrepancy between the stimulus tone and each response tones is shown for each age group (graph parameter) separately for trials in which the final selection was made after zero, one, two, three, or four nonfinal mouse clicks, that is, successive responses in the participant's attempt to hone in on the final answer on that trial. Reassuringly, with only very minor exceptions, in each age group successive mouse clicks became less, not more, discrepant from the target tone on average.
Serial position function. If a major basis of the growth in capacity were faster decay of tone memory in younger children (cf. Keller & Cowan, 1994) , then age differences would be smallest at the most recent serial position and would be larger for earlier items in the sequence. Figure 7 shows very little grounds for that kind of conclusion. In a statistical examination, a 4 ϫ 10 ANOVA across sequence lengths included age group (4) and each serial position of each sequence length (1 ϩ 2 ϩ 3 ϩ 4 ϭ 10) as a within-participant factor. There was a difference between serial positions, F(9, 1044) ϭ 43.01, an effect with essentially an infinite BF. There was also a large effect of age group, as the figure shows, F(3, 116) ϭ 32.50, BF ϭ 1.91 ϫ 10 12 . However, these factors did not interact, with F(27, 1044) ϭ 1.53, BF ϭ .31, supporting a no-interaction hypothesis. Continuity across the session. We divided the tone memory task into first and second halves in order to determine whether there were important practice or fatigue effects across the session. For the four groups in the first half, the absolute discrepancies were 14.23, 9.64, 7.35, and 6.70, respectively; for the second half of the session, these discrepancies were slightly larger in all three child groups, reflecting slightly poorer performance, with no change in adults (for the four groups, 15.61, 12.12, 8.73, and 6.49, respectively) . It appears that children understood the task early on and may have become fatigued somewhat earlier than adults, though the differences between the halves of the task were minor compared to age differences observed.
Correlations and Regressions Between Tasks
We have observed a growth in both the capacity and the precision of working memory across age groups. If this dual basis of cognitive growth occurs because capacity and precision come from a common mechanism, then capacity and precision should be related to the same variables. Table 4 shows that, although most measures were intercorrelated, this was not completely the case. In particular, notice that musical training did not correlate with either capacity or the spread of guessing. As predicted, it did correlate well with the spread of knowledge-based responses, that is, imprecision.
To investigate further the potential differences between capacity and precision, we carried out regression analyses with these two parameters as the predictors (along with the age group), with three different dependent variables: musical training, Ravens Progressive Matrices, and counting span. (a) For musical training, there was a contribution of imprecision of the representations, with the standardized coefficient ␤ ϭ Ϫ.36 and BF ϭ 8157.59, but no contribution of capacity, ␤ ϭ Ϫ.10, BF ϭ 0.26. The regression accounted for .33 of the variance. (b) For the measure of fluid intelligence, Ravens Progressive Matrices, both measures contrib- Figure 6 . Inaccuracy of all responses for a trial, shown as the absolute distance between the presented tone and each response click, in each age group (graph parameter). The number of responses on a trial, all made to a single queried tone from the sequence, was determined by the participant up to a maximum of five responses. Responses are shown here as a function of the number of them made on a trial and, within a set of connected lines, the position within the response train on that trial. For example, the column of points fifth from the left represents the second click out of three that were made on those trials. Error bars are 95% confidence intervals. Notice that successive responses on a trial tended to become increasingly more accurate across responses on average, for all age groups. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. 
On Alternative Modeling Frameworks
We believe that we do not have to be able to rule out competing models definitively in order to use our model diagnostically. Some investigators have argued that instead of a fixed number of slots in working memory, capacity is better described as a fluid resource that can be spread among any number of items, but that if the resource is spread too thin it will not be enough to allow abovechance discrimination (for a review in favor of resources, see Ma, Husain, & Bays, 2014 ; for arguments reaffirming the notion of slots, however, see Awh, Barton, & Vogel, 2007; Cowan & Rouder, 2009; Nosofsky & Donkin, 2016; Pratte, Park, Rademaker, & Tong, 2017; Rouder et al., 2008; Zhang & Luck, 2011) . No matter which underlying model proves to be correct, our measure of capacity can be viewed as a good approximation to the number of items that can be retained with a useful amount of information. Figure 3 shows the strong similarity between the pattern obtained and the pattern predicted by our final model, and indicates that the model appears to do a good job of capturing the overall pattern. Numerically, the expected absolute deviation of the response (with standard error) in tone steps based on the final model was quite close to that obtained for every age group: 7 years expected, 15.03 (1.06) and obtained, 15.02 (1.31); 9 years expected, 11.64 (0.66) and obtained, 10.89 (0.62); 11 years expected, 8.57 (0.59) and obtained, 8.04 (0.54); and adult expected, 7.58 (0.42) and obtained, 6.59 (0.39) . We believe that is the best one can expect given practical limitations. Compromising the final model by additionally making capacity shared among individuals resulted in poorer estimates of fit (AIC ϭ 79,507.14; cf. 
Discussion

Importance of the Basic Findings
Just as past studies have suggested a high degree of generality across verbal or tonal and visual-spatial domains in adults (Kane et al., 2004; Morey & Bieler, 2013; Morey et al., 2011; Stevanovski & Jolicoeur, 2007) , we have found a pattern of memory for tone series that is comparable with what has been observed previously for visual arrays (Zhang & Luck, 2008) , and we have found developmental improvement during the elementary school years in two fundamental characteristics of working memory: capacity and precision, as in a recent study of visual memory (Sarigiannidis et al., 2016) .
On the surface, it might seem predictable that we were able to find increases across childhood ages in two aspects of the working memory representation of nonmusical tone sequences; (a) capacity, the number of tones represented; and (b) precision, the fidelity of the tone representations. Prior working memory studies have suggested development in visual capacity (for a review see Cowan, 2016 ), visual precision (Burnett Heyes et al., 2012 , both together (Simmering & Miller, 2016) , and tone precision (Keller & Cowan, 1994) . Nevertheless, the present finding is quite diagnostic in distinguishing between different hypotheses about development. The progress comes from the construction and successful application of a processing model that distinguishes between effects of capacity limits, imprecision in the tone representations, inattention to the tones, and the nature of guessing when there is no working memory representation of the tested tone (see online supplemental material, Part A). This is the first study to show a developmental increase in the capacity for tones. That, along with the detailed pattern of findings, is theoretically important as it yields clues to the nature of capacity development in childhood.
Evaluation of Competing Hypotheses
Various alternative competing hypotheses now can be considered on the basis of our results. The development of the memory capacity for tones occurred in a manner that seems similar to visual capacity development (Sarigiannidis et al., 2016 ; for a review see Cowan, 2016) . There theoretically could have been more timelimited rather than item-limited remembering for tones, given the apparently longer-lasting sensory memory for acoustic stimuli (cf. Treisman & Rostron, 1972 vs. Sperling, 1960 , and given faster This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
tone memory decay for younger participants (cf. Keller & Cowan, 1994) . However, Figure 7 shows that the age differences were actually about as large at the final serial position as in earlier serial positions, evidence against age differences in time-based forgetting. The fact that participants heard each selected candidate tone response may have caused overwriting of auditory sensory memory (e.g., Cowan, Saults, & Blume, 2014) , in which case performance would be based on more abstract tone pitch information. An unreported experiment with adults showed little effect of masking on the pattern of responses, further suggesting that responding was not based on sensory memory. The present results show developmentally what some adult research has suggested: that working memory for tones shows a pattern similar to working memory for visual items, with a plateau after about three items in memory (Alunni-Menichini et al., 2014; Li et al., 2013) . Tone memory also shares some properties with memory for verbal stimuli (Gromko, Hansen, Tortora, Higgins, & Boccia, 2009; Huntsinger, & Jose, 1991) . Like both visual objects and verbal stimuli, it is possible for tonal stimuli to be mentally rehearsed, reactivated, or refreshed (Keller, Cowan, & Saults, 1995) , an operation that, for other materials at least, speeds up during the developmental range we studied Gaillard, Barrouillet, Jarrold, & Camos, 2011) .
A conclusion that there is generality across materials must be stated cautiously because the similarities across modalities may be dependent on task properties that have not been fully identified, and some models call into question the way in which behavioral estimates of capacity relate to the number of underlying representations (e.g., Johnson, Simmering, & Buss, 2014; Pailian, Libertus, Feigenson, & Halberda, 2016; Simmering, 2016) . It also must be kept in mind that similarities across modalities could occur from separate mechanisms in the different modalities operating according to similar principles. A common mechanism would predict tradeoffs between modalities in a dual-task situation. There is clear evidence of a tradeoff between working memory for colored squares versus verbal materials or tones (Morey et al., 2011) , but our research in progress indicates that the tradeoff does not increase with development during the age range comparable to the present study, whereas visual and auditory modality-dedicated forms of processing do increase.
Some approaches do not lead to the expectation that in addition to the development of precision, there is also a developmental increase in the number of items that can be retained in working memory (e.g., Burnett Heyes et al., 2012). Also, not every approach leads to the expectation that there should be different correlates for capacity and precision development. We found that capacity and precision have different properties in correlation and regression analyses, with capacity more fully related to a processing-and-storage measure of working memory, and with precision but not capacity showing a unique relationship to musical training. This would not be specifically predicted according to the notion that both capacity and development emanate from a common developmental mechanism (cf. Simmering & Miller, 2016; Simmering, Miller, & Bohache, 2015) , though from this view it perhaps could still occur that there are both similarities and differences between the capacity and precision indices. For example, the effect of musical training on precision could arise because of increased skill in matching a tone in memory as opposed to refinement in the memory representation itself. Cowan (2016) explored an early maturation hypothesis stating that capacity is adult-like in its capacity even in infancy. According to this hypothesis, subsequent improvements in performance in childhood might occur because of the increasing ability to do further processing, such as organizing or chunking the stimuli. Although these other processes may occur, infant procedures differ considerably from those used in older participants (e.g., cf. Oakes & Luck, 2013 vs. Riggs, McTaggart, Simpson, & Freeman, 2006 and when infants retain as many items as older children and adults (about three), the infants appear to do so without demonstrating the ability to individuate those items, and therefore accept substitutes (Zosh & Feigenson, 2012) . Providing convergent evidence that capacity development cannot easily be explained away by higher-level processing, Cowan, Ricker, Clark, Hinrichs, and Glass (2015) found similar childhood developmental trends for visual arrays of meaningful letters and meaningless characters, when examined in terms of standardized scores for each measure to eliminate differences due to familiarity of the letters. Cowan (2016) reviewed a line of research similarly ruling out other higher-level processing factors (e.g., chunking, filtering) as the sole cause of capacity development. Although older participants certainly might be more likely to notice complex patterns in the sequences, there is as yet no evidence for this interpretation in change-detection and delayed-reproduction tasks, leaving viable the notion that capacity increases with age in childhood and is comparable across modalities, culminating in three to four memory items in adults (cf. the present 
Conclusions
In sum, the present work provides evidence for the childhood development of the capacity for nonmusical tones in a sequence, in addition to the childhood development of precision, with differentiation of these mechanisms. There are several sources of evidence for this differentiation. First, if only precision were the source of development, a simpler model with capacity set to a constant should have fared better than it did (see Table 1 and accompanying text). Second, precision and capacity had different correlates. Whereas precision, as expected, correlated with musical training, and contributed unique variance to it in a regression beyond what age group accounted for, capacity did not correlate with musical training. In contrast, capacity was related to counting span and accounted for unique variance in it in a regression. Although precision had a raw correlation with counting span, in a regression the variance was accounted for fully by age group and capacity, with no variance unique to precision. These results suggest where to look to understand childhood developmental change in auditory working memory, which may improve future attempts to adjust materials to children's level of ability and perhaps to motivate well-focused acoustic training studies.
What surprised us most in this study was the high level of capability of even the youngest elementary schoolchildren to carry out this task successfully, with adult-like attention, with largely memory-based performance as opposed to guessing for the shorter sequence lengths (see Figure 3) , and with continual improvement across responses forming a series of successive estimations (see Figure 5) .
We hope that the present task can be applied in future research to help answer fundamental questions about mental maturation in a basic acoustic context. One limitation of this study is that we do not know This document is copyrighted by the American Psychological Association or one of its allied publishers.
the relation between visual and auditory memory within an individual; we do not know to what extent capacity and precision are general traits, and to what extent an individual can show a profile that excels in one domain above the other. It is also unclear whether the working memory capacity limit observed for concrete objects and meaningless sounds is closely related to the kind of working memory capacity limit involved in carrying out common daily tasks such as problem-solving and comprehension. We are in the midst of research to examine the generality of working memory using dual tasks in which an individual may be held responsible for two modalities of information on the same trial. School performance and higher-level thought both require considerable agility in the use of working memory (Jaroslawska, Gathercole, Logie, & Holmes, 2016) but there has been little research on just how working memory is applied in terms of elementary processes (Cowan, Saults, & Elliott, 2002; Halford et al., 2007) .
